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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to the field of fuel cells and, more specifi- 
cally, to a direct methanol fiiel cell system in which the need to store vra.ter in the system 
or fuel supply is minimized or eliminated through the provision of a water generator. 

Background Information 

Fuel cells are devices in which an electrochemical reaction is used to generate 
electricity. A variety of materials may be suited for use as a fuel depending upon the 
materials chosen for the components of the cell. Organic materials, such as methanol or 
natural gas, are attractive choices for fuel due to the their high specific energy. 

Fuel cell systems may be divided into "reformer-based" systems (i.e., those in 
which the fuel is processed in some fashion to extract hydrogen from the fuel before it is 
introduced into Ihe fuel cell system) or "direct oxidation" systems in which the fiiel is fed 
directly into the cell without the need for separate mtemal or external processing. Most 
currently available fuel cells are reformer-based fuel cell systems. However, because 
fiiel-processing is complex, expensive and requires significant volume, reformer based 
systems are presently limited to comparatively high power applications. 

Direct oxidation fuel cell systems may be better suited for a number of jq)plica- 
tions in smaller mobile devices (e.g., mobile phones, handheld and laptop computers), as 
well as in some larger applications. Typically, in direct oxidation fuel cells, a carbona- 
ceous liquid fuel in an aqueous solution (typically aqueous melhanol) is applied to the 
anode face of a membrane electrode assembly (MEA). The MEA contains a protoni- 
cally-conductive, but electronically non-conductive membrane (PCM). Typically, a 
catalyst which enables durect oxidation of the fuel on the anode is disposed on the surface 
of the PCM (or is otherwise present in the anode chamber of the fuel cell). Diffusion lay- 
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ers are typically in contact with each of the catalyzed anode and cathode faces of the 
PCM to facilitate the introduction of reactants and removal of products of the reaction 
from the PCM, and also serve to conduct electrons. Protons (from hydrogen found in the 
fuel and water molecules involved in the anodic reaction) are separated from the elec- 
trons. The protons migrate through the PCM, which is impermeable to the electrons. 
The electrons thus seek a different path to reunite with the protons and oxygen molecules 
involved in the cathodic reaction and travel through a load, providing electrical power. 

One example of a direct oxidation ftiel cell system is a direct methanol fuel cell 
system or DMFC system. In a DMFC system, methanol in an aqueous solution is used 
as fuel (the "fuel mixture"), and oxygen, preferably from ambient air, is used as the oxi- 
dizmg agent. There are two fundamental half reactions that occur in a DMFC which al- 
low a DMFC system to provide electricity to power consuming devices: the anodic disas- 
sociation of the methanol and water fuel mixture into CO2, protons, and electrons; and the 
cathodic combination of protons, electrons and oxygen into water. The overall reaction 
may be limited by the failure of either of these reactions to proceed to completion at an 
acceptable rate (more specifically, failure to oxidize the fuel mixture will limit the ca- 
thodic generation of water, and vice versa). 

Fuel cells and fuel cell systems have been the subject of intensified recent devel- 
opment because of Iheir ability to efficiently convert the energy in carbonaceous fuels 
into electric power while emitting comparatively low levels of environmentally harmful 
substances. The adaptation of fuel cell systems to mobile uses, however, is not straight- 
forward because of the technical difficulties associated with reforming most carbona- 
ceous fuels in a simple, cost effective manner, and within acceptable form factors and 
volume limits. Further, a safe and efficient storage means for substantially pure hydro- 
gen (which is a gas under the relevant operating conditions), presents a challenge because 
hydrogen gas must be stored at high pressure and at cryogenic temperatures or in heavy 
adsorption matrices in order to achieve usefiil energy densities. It has been found, how- 
ever, that a compact means for storing hydrogen is in a hydrogen rich compound with 
relatively weak chemical bonds, such as methanol or an aqueous methanol solution (and 
to some extent, ethanol, and other carbonaceous fluids or aqueous solutions thereof). 
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In particular, DMFCs are being developed for commercial production for use in 
portable electronic devices. Thus, the DMFC system, including the fuel cell, and the 
components may be fabricated using materials that not only optimize the electricity- 
generating reactions, but which are also cost effective, and allow the fuel cell system to 
fit demanding form factors. Furthermore, the manufacturing process associated Avith 
those materials should not be prohibitive in terms of labor intensity cost. 

Typical DMFC systems include a fuel source, fluid and effluent management 
systems, and a direct methanol fuel cell ("fuel cell"). The fuel cell typically consists of a 
housing, and a membrane electrode assembly ("MEA") disposed within the housing. 

A typical MEA includes a centrally disposed protonically conductive, electroni- 
cally non-conductive membrane ("PCM"). One example of a commercially available 
PCM is Nafion ® a registered trademark of E.I. Dupont de Nours and Company, a cation 
exchange membrane comprised of perfluorosulfonic acid, in a variety of thicknesses and 
equivalent weights. The PCM is typically coated on each face with an electrocatalyst 
such as platinum, or platinum/ruthenium mixtures or alloy particles. On either face of the 
catalyst coated PCM, the electrode assembly typically mcludes a diffusion layer. The 
diffusion layers function to evenly distribute the liquid fuel mixture across the catalyzed 
anode face of the PCM, or the gaseous oxygen fix)m air or other source across the cata- 
lyzed cathode face of the PCM. In addition, flow field plates are often placed on the as- 
pect of each diffiasion layer that is not in contact with the catalyst-coated PCM. The flow 
field plates may function to provide mass transport of the reactants and by products of the 
electrochemical reactions and also have a current collection functionality to collect and 
conduct electrons through the load. 

The direct oxidation fuel cell based on oxidation of methanol requires water and 
methanol to be present together at the anode catalyst in order for the oxidation half reac- 
tion of methanol to proceed to completion. However, in an energy conversion device 
based upon DMFC technology, for a given energy content, the size of the device is read- 
ily reduced by carrying only methanol in the fuel reservoir as opposed to a methanol- 
water solution. In some architectures, a portion of the water reqmred will be present in 
the anode chamber, or may be recirculated from the cathode aspect of the DMFC, how- 
ever, it may be necessary to generate additional water under some conditions. In other 
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words, the volumetric energy density of the device can be maximized by reducing the 
amount of water stored in the methanol-water solution within the DMFC. This would re- 
quire a method of water production within the device in order to drive the anodic half re- 
action to completion. 

It is thus an object of the invention to provide a water generator that provides 
water for diluting the methanol siq)plied to the DMFC while increasing the volumetric 
energy returns of tiie fuel cell system over its Ufetime. 

SUMMARY OF THE INVENTION 

In brief summary, the present invention provides a direct methanol fiiel cell sys- 
tem in which water may be generated from methanol or other suitable fuel, thereby 
eliminating the need to store water, reducing the size of the fuel supply required to pro- 
vide power, and increasing the energy yield by unit volume. In a preferred embodiment, 
the present invention uses a method of production of water based upon a catalytically fa- 
cilitated reaction in which methanol is oxidized in the presence of oxygen to produce 
water, carbon dioxide and heat. Unlike the reaction that occurs m the direct oxidation fuel 
cells in which a fuel or fuel solution, water and oxygen are reacted in two separate half 
reactions, here oxygen reacts directly with the fuel or fuel solution in the presence of a 
suitable catalyst, producing water, carbon dioxide and some heat rather than electrical 
energy. 

In the preferred embodiment, the reaction of carbonaceous fuel or fijel solution 
and oxygen to produce water, carbon dioxide and heat occurs spontaneously under rele- 
vant conditions, in the presence of a suitable catalyst, including, but not limited to plati- 
num and platinum-ruthenium, without the need for external activation energy to be ap- 
plied. Therefore, the only loss to the fuel cell system is the efficiency loss due to the oxi- 
dation of the fuel to generate water, rather than electricity. 

A direct oxidation fuel cell ("DOFC") which uses the present invention may be 
configured such that a water generator is coupled to a flow path that connects the fuel 
source and anode chamber of the DOFC, or a flow path that connects the fuel source to 
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the anode chamber, or is positioned along the path between the fuel source and the anode 
chamber. A pump, valve, or other passive means may be used to supply methanol to the 
water generator. In the embodiments summarized below, the carbonaceous fuel can be a 
pure fuel, a solution of fuel and water, or a mixture of fiiels or fuel-water solutions. 

The invention consists of a method of generating water for use within a direct 
oxidation fuel cell by introducing the fuel to a catalyzed surface or substrate within the 
direct oxidation fuel cell system in the presence of oxygen. This causes said fuel to be 
oxidized, resulting m the generation of water, allowing for the dilution of fuel within the 
fuel cell system and preventing said fuel from passing through the PCM without contrib- 
uting to the electricity-generating reactions (fuel crossover). 

In a fu-st embodiment, the water generator may be provided by a material which is 
permeable to a carbonaceous fuel suitable for use in the fuel cell system, and treated on 
the outside surface witii a catalyst (e.g. platinum or platinum-ruthenium) that activates the 
oxidation of fuel in tibe presence of oxygen. Preferably, the material of this embodiment 
is tubular and fluted in shape. In this embodiment, it is preferred that the carbonaceous 
fuel is introduced to the inside of a tube fabricated from tiie fuel-permeable, substantially 
gas-impermeable material. Some of tiie fuel permeates the material and reacts with oxy- 
gen on the catalyst on the outside of the mbe, producing carbon dioxide, water and heat. 
At least one other portion of die tube fabricated from tiie fuel-permeable material may be 
left catalyst free so that water can diffuse back into the inside of tiie tiibe. Another aspect 
of this embodiment is to enclose the outside of tiie tube witii a liquid-impermeable, gas- 
permeable material so tiiat tiie carbon dioxide produced by tiie oxidation of tiie fuel may 
diffuse tiirough the liquid-impermeable, gas-permeable material, leaving the space be- 
tween the materials as a collection area for the water, or encouraging the water to be 
transported into the tube fabricated from the fuel-permeable, gas-impermeable material, 
by creatmg a pressvire or concentiration gradient between the liquid-impermeable, gas- 
permeable material and the tube. 

In a second embodiment, the water generator may be provided by a gas- 
permeable, liquid-impermeable material. In tiie preferred embodiment, tiie gas- 
permeable liquid-impermeable material is m tiie shape of a fluted tube and coated on tiie 
inside surface with a catalyst capable of promoting oxidation of a carbonaceous fiiel in 
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the presence of oxygen. The carbonaceous fiiel is introduced to the inside of the tube 
fashioned fiom the gas-permeable, liquid-impermeable material, and as air diffuses inside 
through the gas-permeable, liquid-impermeable material, the oxidation reaction occurs on 
the inside of the tube fashioned from the gas-permeable, liquid-unpermeable material, 
producing water, carbon dioxide and heat A portion of the material is left uncatalyzed so 
that excess air and carbon dioxide may diffuse to the outside of the tube resulting in liq- 
uid water being collected, substantially gas free, on the inside of the gas-permeable, liq- 
uid-impermeable material. Those skilled in the art will recognize that the materials de- 
scribed herem for the purpose of transportmg liquids or gases may consist of formed 
membranes, extruded materials, or using other methods well known to those skilled in the 
art. 

In a third embodiment, the water generator is a membrane electrode assembly 
(MEA) configured for direct oxidation of a carbonaceous fuel, where electricity gener- 
ated can be harnessed and delivered to the application, and in which liie MEA can also be 
used to generate water for use within the fuel cell system. When water generation is de- 
sired, oxygen is used to directly oxidize the carbonaceous fixel in the presence of a cata- 
lyst found at the anode of the MEA, producing carbon dioxide, heat and water. 

There are several key benefits of tiiis invention. The first is that the fiiel solution 
(e.g. methanol or an aqueous methanol solution) can be quickly diluted by adding water 
to the fiiel mixture prior to the introduction of fiiel into the anode chamber, or adding 
water mto the fiiel mixture, thus minimizing fiiel crossover. Losses due to the generation 
of water by intentionally oxidizing fiiel, will be less than the losses due to the fiiel cross- 
over. Secondly, this invention minimizes or eluninates the need to carry a dilute, and 
therefore more voluminous, fiiel mixture into the fixel cell system. This makes more effi- 
cient use of the volume of the fiiel cell, as well as providing the ability to cany a fiiel 
supply that is more concentrated than is presently practical. Thirdly, eliminating tiie need 
to carry water may simplify tiie system design by providing a system with fewer conduits 
and fluidic connections. This may simplify manufacturing as well. In addition, because 
the chemical conversion to water is relatively efficient, tiie concentration of tiie fiiel can 
be easily controlled by conti:olling the amount of fiiel that is oxidized for the purpose of 
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generating water. Those skilled in the art will also recognize that the reactions create 
heat, which may also be useful from time to time. 

Those skilled in tiie art will recognize that this invention may be implemented in 
fuel cell systems consisting of one or more fuel cells, including systems where a plurality 
of cells are "stacked" in order to meet the power profiles of the application to which 
electricity is being supplied. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention description below refers to the accompanying drawings, of which: 
Fig. 1 is a block diagram of a direct fuel cell system known in the prior art; 
Fig. 2 is a block diagram of a direct oxidation fiiel cell with an attached water 
generator constructed in accordance with a preferred embodiment of the present inven- 
tion; 

Fig. 3 is a perspective of a first embodiment of a water generator of the type 
shown in Fig. 2; 

Fig. 4 is a perspective of the water generator of Fig. 3 with a gas-permeable mate- 
rial enclosing the material permeable by a desired carbonaceous fuel; 

Fig. 5 is a perspective of a second embodiment of a vrater generator of the type 
shown in Fig. 2; 

Fig. 6 is a perspective of a third embodiment of a water generator of the type 

shown in Fig. 2; 

Fig. 7 is a block diagram of an alternative embodiment of a dhect oxidation fuel 
cell with an attached water generator, which may use any of the water generators of Figs. 
3-6; and 

Fig. 8 is a block diagram of a second alternative embodiment of a direct oxidation 
fuel cell with an attached water generator, which may use any of the water generators of 
Figs. 3-6. 
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

A direct oxidation fuel system 2 is schematically illustrated in Fig. 1. The fuel 
cell system 2 includes a direct oxidation fuel cell, which may be a direct methanol fuel 
cell 3 C'DMFC), for example. For purposes of illustration we herein describe an illus- 
trative embodiment of the invention with DMFC 3, or DMFC system with the fuel sub- 
stance being methanol or an aqueous methanol solution. It should be understood, how- 
ever, that it is within the scope of the present invention that other fuels such as ethanol, or 
combinations thereof and aqueous solutions thereof, and other carbonaceous fuels ame- 
nable to use in DMFC systems may be used. It should be further understood that the in- 
vention is applicable to any fuel cell system where it is preferable to introduce water to 
the reactants in order to facilitate the operation of the fuel cell system, and not simply 
those that are sunilar to those set forth in Fig. 1 . 

The system 2, including the DMFC 3, has a fuel delivery system to deliver fuel 
from fuel source 4. The DMFC 3 mcludes a housing 5 that encloses a membrane elec- 
trode assembly 6 (MEA). MEA 6 incorporates protonically conductive, electronically 
non-conductive, membrane (PCM) 7. PCM 7 has an anode face 8 and cathode face 9, 
each of which may be coated with a catalyst, including but not limited to platinum or a 
blend of platinum and ruthenium. Diffusion layers are typically provided and in intimate 
contact with the catalyzed faces of each of the anode and cathode aspects of the PCM, 
though the invention is not limited to systems that require diffusion layers. The portion of 
DMFC 3 defmed by the housing 5 and the anode face of the PCM is referred to herein as 
the anode chamber 10. The portion of DMFC 3 defmed by the housing 5 and the cathode 
face of the PCM 7 is referred to herein as the cathode chamber 20. Those skilled in the 
art will recognize that the catalyst may be applied to the PCM by applying a suspension 
containing the catalyst to PCM. As used herein the terms "anode face" and "cathode 
face" may refer to the catalyzed faces of the PCM, and shall include any residual catalyst 
materials that may remain on the surface of the PCM as the resuU of such application. 

As will be understood by those skilled in the art, electricity-generating reactions 
occur when a fiiel substance is introduced to the anode face 8, and oxygen, usually m the 
form of ambient air, is mtroduced to the cathode face 9. More specifically, a carbona- 
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ceous fuel substance from fuel source 4 is delivered by pump 1 1 to the anode chamber 10 
of the DMFC 3. The fuel mixture passes through channels in the flow field plate, and/or 
a diffusion layer, and is ultimately presented to the anode face of the PCM 8. Catalysts 
on the membrane surface (or which are otherwise present within the MEA) enable Ihe 
anodic oxidation of the carbonaceous fuel on the anode face 8, separating hydrogen pro- 
tons and electrons from the fuel and water molecules of the fuel mixture. Upon the clos- 
ing of a circuit, protons pass through PCM 7, which is impermeable to the electrons. The 
electrons thus seek a different palh to reunite with the protons, and travel through a load 
13 of an external circuit, thus providing electrical power to the load. So long as the reac- 
tions continue, a current is maintained through the external circuit. Direct oxidation fiiel 
cells produce water (Hj O) and carbon dioxide (CO ^ ) as byproducts of the reaction. The 
water collector 14 acts as a storage unit for water produced. This water can be later di- 
rected to the pump 11 via a flow path 1 9. 

Fig. 2 illusti^tes a direct oxidation fuel cell 24 and a water generator 23, which, in 
a preferred embodiment, can be implemented with a DMFC system 21. Water generator 
23 is coupled to anode chamber 26 by a conduit 27. Conduits 29 and 30 couple a fuel 
source 22 to water generator 23 and anode chamber 26, respectively. Operation of the 
water generator 23 is controlled by the operation of valve 20, which manages tiie flow of 
fuel or fuel solution into the water generator 23. The detailed construction of various pre- 
ferred embodiments of the water generator 23 may be understood with reference to Figs. 
3-6. 

Water generator 23 is comprised of at least one substrate or surface 231 that is 
treated with a catalyst 232. Said substrate 231 does not react with, or interfere with the 
catalytic oxidation of methanol, or other appropriate fuel, in the presence of oxygen, and 
does not react with the fuel or products of said oxidation. Said surface 23 1 may be dis- 
posed within a housing (not shown), which may, but need not, have valves or other com- 
ponents (not shown) that control the introduction of fiiel and air, as well as the distribu- 
tion of catalytically generated water and carbon dioxide. 

With reference to Fig. 3, a fuel-permeable, substantially gas-impermeable mate- 
rial 32, including but not limited to uncatalyzed Nafion ®, is provided in the shape of a 
tube. The tube is preferably, but does not need to be, in a fluted configuration to provide 
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greater surface area for the catalytic oxidation of the fuel. A first portion 33 of the outer 
surface 36 of the fuel-permeable, substantially gas-impermeable material 32 is treated 
with a catalyst 35 capable of promoting the oxidation of the fuel or fuel solution in the 
presence of air, including, but not lunited to platinum or a blend of platinum and ruthe- 
nium. In the preferred embodiment, the catalyst is applied to at least one portion of the 
outer surface 36 of the fuel-permeable, substantially gas-impermeable material 32. At 
least one other portion of the fiiel-permeable, substantially gas-impermeable material 32 
remains uncatalyzed, such as portion 34. In this embodiment, the fuel or fiiel solution is 
introduced to the inside of the fiiel-permeable, substantially gas-impermeable material 32 
at one end 37. Some of the fuel permeates the fuel-permeable, substantially gas- 
unpermeable material 32 to the outer surface 36. Oxygen, preferably from ambient ak 
present on the outside of the fiiel-permeable, substantially gas-impermeable material 32, 
or which is otherwise provided access to the catalyst, then reacts with fiiel or fuel solution 
in the presence of the catalyst 35 producing carbon dioxide, water and heat. Water or a 
dilute fuel solution may diffuse back into fuel-permeable, substantially gas-unpermeable 
material 32 through the uncatalyzed portion 34, and to a lesser extent through the portion 
that has been treated with catalyst. Those skilled in the art will recognize that the materi- 
als described herein for the construction of the water generator may consist of formed 
membranes, extruded materials, or other means well known to those skilled in the art. 

Fig. 4 shows an alternative embodiment of the water generator 23 (see Fig. 2). A 
gas-permeable, liquid-impermeable membrane 42 fabricated firom appropriate materials, 
including, but not limited to expanded PTFE available from Zeus Inc. and other commer- 
cial manufacturers, encloses a fuel-permeable, gas-impermeable material 43, which has 
been treated witii catalyst, and which is similar in construction to the embodiment shown 
in Fig. 3. As a result, any generated water remains on the inside of gas-permeable, liquid- 
unpermeable material 42, and may diffuse back into the fuel or fuel solution passmg 
through gas-impermeable, liquid-permeable material 43. Gas-permeable, liquid- 
impeimeable material 42 is preferably fabricated firom a highly hydrophobic material that 
is either in intimate contact with or that creates a very small volume between gas- 
permeable, liquid-impermeable material 42 and the fiiel-permeable, gas-unpermeable 
material 43. Such fabrication will create a pressure or gradient to drive water or a diluted 
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fuel solution back into the conduit formed by fuel-permeable, gas-impermeable material 
43, thus diluting the fuel mixture being delivered from the water generator to the anode 
chamber, 

Altematively, water or a dilute fuel solution may remain outside of the fuel- 
permeable substantially gas-impermeable material 43, and be collected at the end of the 
conduits formed by materials 42 and 43. Excess air and carbon dioxide permeate the gas- 
permeable, liquid-impermeable material 42 and are vented to the ambient environment or 
used within flie fiiel cell system to perform work including, but not limited to, driving a 
pump prior to being vented from the system. Those skilled in the art will recognize that it 
may be necessary to implement a gas/liquid separator (not shown) between the water 
generator 41 and the anode chamber 26 (see Fig. 2). The gas/liquid separator is preferably 
disposed between the water generator 23 (see Fig. 2) and the anode chamber 26 (see Fig. 
2) or conduit 27, (see Fig. 2) into which water is to be introduced, in order to effectively 
separate the generated carbon dioxide and any remaining oxygen from the liquid mixture 
being passed through water generator 41 . Such disposition of the gas/liquid separator 
(not shown) also allows the fuel to be introduced to the anode chamber 26 (see Fig. 2) 
without introducing oxygen into the cathode chamber 28 (see Fig. 2) of the direct oxida- 
tion fuel cell 24 (see Fig. 2). 

Fig. 5 shows a second embodiment of the invention in which a water generator 51 
includes a gas-permeable, liquid-impermeable material 52 in a tubular shape. The tube is 
preferably, but does not need to be, in a fluted configuration. In this embodiment, a cata- 
lyst 55 has been appUed to the mner surface 57 of the gas-permeable, Uquid-impermeable 
material 52. The fuel or fuel solution is introduced to the inside of the gas-permeable, 
liquid-impermeable material 52 at one end. Air permeates titie gas-permeable, liquid- 
impermeable material 52 to the inner surface of the material 57. Oxygen that is available 
on the inner surface 57 of the material then reacts with fuel in the presence of the catalyst 
55, to produce carbon dioxide, water and heat. At least one other portion 54 of the gas- 
permeable, liquid-impermeable material 52 is left uncatalyzed so that excess air and car- 
bon dioxide may be vented from the inside of the gas-permeable, liquid-impermeable 
material 52. As a result, water or a diluted fuel solution is collected gas free from the end 
of the gas-permeable, liquid-impermeable material 52 opposite the end where fiiel was 
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introduced. Those skilled in the art will recognize that it may be preferable to include a 
plug (not shown), or otherwise restrict the flow of the water or dilute fuel mixture in or- 
der to generate sufficient baclq)ressure to encourage gases present in said water generator 
to be removed prior to entering the anode chamber 26 (see Fig. 2) of the fiiel cell 24 (see 
Fig. 2). 

Fig. 6 shows a third embodiment of the present invention in which a water gen- 
erator/DMFC 61 includes a membrane electrode assembly 62 (MEA) configured for di- 
rect fuel oxidation and power generation. For purposes of illustration, and not by way of 
limitation, water generator/direct oxidation fuel cell 61, shall be referred to as "water 
generator/DMFC" herein. The MEA is enclosed in a housmg 73 forming an anode 
chamber 66 between housing 73 and anode aspect of the PCM 65, and a cathode chamber 
67 between the housing 73 and the cathode aspect of the PCM 63. Water genera- 
tor/DMFC 61 may be substituted for water generator 23 (see Fig. 2). In a first operation 
mode, where no electricity is generated, air and fuel or fuel solution are introduced into 
the anode compartment 66 via openings 69 and 70 respectively. A catalyst that promotes 
the oxidation of fuel has been applied to the anode face of PCM, and thus the fuel is oxi- 
dized completely (i.e. into water and carbon dioxide) when introduced to the anode 
chamber 66 in the presence of oxygen. Carbon dioxide exits the housing 75 via openmg 
72, and is removed from the system while water or dilute fuel leaves via opening 71 and 
is introduced to the anode chamber of a fuel cell. In the second operation mode, oxygen is 
prevented from entering the anode chamber 66, and water is generated on the catalyzed 
cathode aspect of the PCM 63. As such, the water generator/DMFC 61 fimctions essen- 
tially as a conventional direct methanol fuel cell and produces electricity, which may be 
used to support a load witiiin tiie application to which electricity is being provided. Said 
water generator/DMFC 61 can be used to generate water by: 1) introducing excess fuel 
(in proportion to the demand of the attached load) to a DMFC of standard design and 
materials; or 2) mtroducing fuel to a to water generator/DMFC 61t without a load being 
connected between the anode and cathode aspects of the water generator/DMFC 61. By 
doing so, fuel crossover is promoted, and fuel that passes through tfie PCM is oxidized 
without generatir^ electricity, thus forming additional water in the cathode chamber 67 
of the water generator/DMFC 61. It may be further possible to intentionally vary said 
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load attached to water generator/DMFC 61 periodically in order to periodically induce 
fuel crossover, and resulting generation of water. Said additional water may be trans- 
ported within the system (21 of Fig. 2) as necessary. 

Fig. 7 illustrates an alternative embodiment of a direct fuel cell attached to a water 
generator 83 and a fuel (fuel solution) source 82. The water generator 83 is coupled to 
conduit 88, by conduits 89 and 90. Conduit 88 couples the fuel source 82 to the anode 
chamber 86. Operation of the water generator 83 is contiroUed by the operation of valve 
91, which manages the flow of fuel or fuel solution into the water generator 83 on con- 
duit 89. This is alternative embodiment to that shown in Fig. 2, which may also use any 
of the water generators of Figs. 3-6. 

Fig. 8 illustrates a direct oxidation fuel cell attached to a water generator 103 situ- 
ated along a conduit 108 that couples an anode chamber 106 to a fuel (fuel solution) 
source 102. Operation of the water generator 103 is controlled by the operation of valve 
109, which manages the flow of fuel or fuel solution through Ihe water generator 103. 
This is a second alternative embodiment to that of Fig. 2, which may also use any of tiie 
water generators of Figs. 3-6. Those skilled in the art will recognize tiiat it is possible, 
and it may be preferable to store any water generated temporarily, and introduce said 
water to the fuel mixture at a later time. 

Figs. 3-6 show embodiments of a water generator that uses a fluted tubular mem- 
brane selectively coated or not coated with a catalyst. This is illustrative of preferred em- 
bodiments. Those skilled in the art will recognize that one can substitute other carbona- 
ceous fuels for methanol and aqueous solutions thereof, and use other catalysts and cata- 
lyst mixtures instead of platinum or platinum-ruthenium mixtures, which may more ac- 
tively promote tiie direct oxidation of carbonaceous fuels in the presence of oxygen. 
Those skilled in the art will further recognize that any water generated using the methods 
or apparatuses set forth herein can be distributed to more than one fuel cell, and still re- 
main within the intent and scope of the invention. It will obvious to those skilled in tiie 
art that surfaces other than those described herein may be used as a substrate in these re- 
actions, and that water can be generated using apparatuses that are of different configura- 
tions than those set forth herein, while remaining within the scope of the invention. 
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